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Besides, the present invention is applicable not only to the 
semiconductor laser but also to the manufacture of a light 
emitting diode. Furthermore, this invention is applicable to 
the manufacture of various semiconductor devices having 
layers of p-type nitride -based Group ID-V compounds- 
Other modiftcations may be naade to the invention without 
departing from the spirit of the invention. 

As has been described above, according to the present 
invention, the acceptor-doped ALN or AI2O3 cap layer is 
formed on the acceptor-doped nitride-based Group HT-V 
compound semiconductor layer, and the resultant structure is 
subjected to heat treatment. Thus, the heat treatment tem- 
perature is raised and hydrogen can be removed while 
curbing evaporation of a constituent element such as nitro- 
gen. Therefore, the electrical activation ratio of acceptor 
impurity in the nitride-based Group BI-V compound semi- 
conductor layer can be increased and the high-quality p-type 
layer can be formed. This contributes to realization of a 
high-performance, short-wavelength semiconductor laser, 
etc. 

Additional advantages and modifications will readily 
occur to those skilled in the art. Therefore, the invention in 
its broader aspects is not limited to the specific details, and 
representative devices shown and described herein. 
Accordingly, various modifications may be made without 
departing from the spirit or scope of the general inventive 
concept as defined by the appended claims and their equiva- 
lents. 

What is claimed is: 
1, A semiconductor device comprising: 
a buffer semiconductor layer made of Ali_^,GaJn^ 
(O^s^l. O^t^l, s+t^l) and having a number of 
pinholes formed therein; 
a thermal distortion reducing layer made of Al|_„_^, 
Ga„In^ (O^u^L O^v^l. u+v^l) formed on said 
huSer semiconductor layer and having a different 
chemical formula from that of said buffer semiconduc- 
tor layer, 

a first cladding layer formed on said thermal distortion 

reducing layer; 
an active layer formed on said first cladding layer; and 
a second cladding layer formed on said active layer. 
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2. The semiconductor device according to claim 1, 
wherein, in said Ali_„_^GaJ[n^ (O^u^ 1. O^v^ 1. u+v^ 1) 
for said thermal distortion reducing layer . v is set to be not 
less than 0.1 and not more than 0.9. 
5 3. A semiconductor device according to claim 1. wherein 
a film thickness of said theimal distortion reducing layer is 
greater than that of said semiconductor layer. 

4. The semiconductor device according to claim 1. further 
comprising a cap layer on said thermal distortion reducing 
layer to prevent evaporation of In included in said thermal 
distortion reducing layer. 

5. The semiconductor device according to claim 4, 
wherein said cap layer is made of Ali_^GaJ^ (O^x^ 1) and 
is formed at 500'' C to 800° C. 

6. The semiconductor device according to claim 1, 
wherein said first cladding layer is made of Ali_j^_^GajJnp^ 
(O^x^L O^y^l, x+y^l). 

7. The semiconductor device according to claim 1, 
20 wherein said thermal distortion reducing layer has a thick- 
ness of 50 nm to 1000 nm. 

8. A semiconductor device according to claim 1. further 
comprising a single crystal substrate on which said semi- 
conductor layer is formed 

25 9. A semiconductor laser con^rising: 
a first layer; 

a second layer made of Ali_y_^Ga„In^JN (O^u^l, 
O^v^l, u+v^l) formed on said first layer, 
30 a third layer formed on said second layer; 

an active layer formed on said third layer; and 
a fourth layer formed on said active layer, 
wherein said first layer is formed of Al^^^^Ga^^ 
35 (O^sgl, O^t^l, s-rt^l)with an average film thick- 
ness of 3 nm to 10 nm such that said first layer has a 
number of pinholes formed among said Al^.^^/ja^^ 
(O^s^l. O^t^l. s-K^l). 
10. A secmiconductor laser according to claim 9, further 
40 comprising a single crystal substrate on which said first layer 
is formed. 
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11. The sem iconduc tor device according to claim 1, comprising: 
a substrate; 

said buffer semiconductor layer being for med on said substrate; and 
said pinholes comprising exp o sed portions of said substrate t hrou gh said buffer 
semiconductor layer. 

12. The se miconductor device a ccording to claim L wherein: 

said buff er semiconductor layer comp rises crystals formed spaced apart; and 
said pinho les comprise spaces between said crystals. 

13. The semiconductor device according to claim 1, wherein: 
said buffer semiconductor lay er comprises crystals loosely for med; and 
said pinholes comprise spaces between said cry stals. 

14. The semiconductor device according to claim 1, wherein: 

said buffer semiconductor layer c onsists essentially of an AlGaN material 

15. The semic ondu ctor d e vice accordin g to claim 1, wherein: 

said buffer semiconductor layer consists essentially of an A IN material. 

16. The semiconductor de vice acc ording to claim 1, wherein: 

said thermal distortio n reducing layer consists essentially of a GaN material. 

17. A semiconductor device comprising: 
a substrate; 

crystals form ed on said substrate containing at least Al and N; 
a thermal distortion reducing layer made of Al^ ^ ^.Ga^In^ JST (0<u<L 0<v<l, u+v<l) 
formed on said crystals and havin g a different chemical formula from that of said crystals; 
a first cladding layer formed over said thermal disto rtion reducing layer; 
an active layer formed over said first cladding layer; and 
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a ggcond cladding layer formed over s aid active layer 

18. Thq se miconductor device accord ing to clai m 17. wherein: 
said crystals hei ng dispos e d to exp ose portions of said substrate. 

19. The se miconductor device according to cla im 17. whereiTr 
said cryst als being loosely formed on said substrate, 

20. The semico nduc t or de vice accordin g to claim 17. wherein- 
said crystals comprise means for con trolling polarity 

2L The semiconductor device according t o claim 17, wherein; 
said crystals consists essent ially of an Al GaN material 

22. The semiconductor device according to claim 17^ wherein; 
said crystals consists essen tially of an A IN material 

23. The semiconductor d evice according to claim 17. wherein: 

said thermal distortion reducing layer co nsists essen tially of a Ga N material 

24. A semiconductor device comp rising: 

a buffer layer comprising a first layer ma de o f Al ....Ga,In tN ro<s< 1, 0< t< 1 . s+t< 1 ) 
and a second layer made of A h.., ,,Ga.IiL, N ro<u< 1 . 0< v< 1 u +v< 1 ^ formed on said first layer 
and having a different chemi ca l formu la from that o f said first layer; 

a first cladding laver forme d over said s econd layer; 

an actiye laver formed over said first cladding layer; and 

a second cladd ing laver formed over said active layer^ 

wherein said buffer laver comp rises means for controlling polarity of a growth 
surface. 

25. A semicon ductor device according to claim 24. wherein- 
said means comprises pinholes 
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26. A semiconductor device according to claim 24, wherein: 
said means comprises a shape of said buffer lay er. 

27. The semiconductor device according to claim 24, further comprising : 
a substrate, wherein: 

5 said buffer layer comprises crystals formed on sai d substrate ; and 

said means comprises inter vals between said cryst als exposing said substrate. 

28. The semiconductor device according to claim 24, wherein: 
said buffer layer consists essentially of an AlGaN material 

29. The semiconductor device according to claim 24, wherein: 
10,.^ said buffer layer consists essentially of an AIN material. 

30. The sem icondu ctor device of claim 24, wherein: 

in said ther mal distortion reducing layer consists essentially of a GaN material. 

^ 3 L A semi conduct or device comprising : 

a buffer layer made of Al ^ , tOaJn^ N (0<s< 1, 0<t< 1 . s+t< 1) 
1 5 Jt a t hermal dist or tio n r educi n g layer made of Alt ^,.Ga^In, Js[ (0<u< L 0<v< L u+v< 1) 

□ formed on said buff er layer and having a different ch emical f ormula from that of sa id buffer 
layer; 

a first cladding layer for med ove r said thermal distortion reducing layer; 
an active layer formed over said first c laddin g layer; and 
20 a second cladding l ayer for med over said active layer, 

wherein said buffer layer comp rises means for contro llin g polarity of grow th surface 
of said thermal distortion reducing layer. 

32. A semicond uctor device according to claim 3L wherein: 
said means c omprises p inholes. 
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33, A semiconductor device according to claim 3 1, wherein: 
said means c omprises a sha pe of said buff er layer. 

34, The semiconductor device according to claim 31, f urther co mprising: 
a substrate, wherein: 

said buffer layer comprises crystals forme d on said substrate; and 

said means comp rises intervals betwe en said crystals exp osing said substrate. 

35, The semiconductor device according to c laim 31, wherein: 
said buffer layer consists essentially of an AlGaN material. 

36 , The semiconductor device according to claim 3L wherein: 
said buffer layer consists essentially of an AIN material. 

37, The semiconductor device of claim 3 L wherein: 

said thermal distortion reducing la yer consists essentially of a GaN material. 

38, A semiconductor device manufactured u sing a process comp rising: 

gr owi ng a first b uf f er laye r of Al^ , tG^Jn ^N (0<s<1.0<t<h s+t< 1) on a surface of a 
substrate having portions expo sin g said surface of said substrate; 

forming a second buffer l ayer o f A l^ „ ,.Ga^In,, N (0< u< 1. 0<v< L u+v< 1) on said first 
buffer layer and having a different chemi cal formul a from that of said first buffer layer; and 

forming an active layer over said second buffer layer. 

39, A device according to claim 38, wherein said process comp rises: 
growi ng said first buffer layer at a temp erature be tween and 350 C and 800 C. 

40, A device according to claim 38, wherein said process comp rises: 
forming said second buffer layer to absorb the rmal distortion. 

41, A device according to claim 38, wherei n said p rocess comprises: 
formin g said first buffer lay er consisting esse ntially of AlGaN. 
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42. A device according to claim 38^ wherein said process comp rises 
forming said first buffer layer consisting es sentially of AIN. 

43. A device according to claim 38, wherein said process comprises: 
forming said second buffer lay^r consisting essentially of GaN. 

44. A device according to claim 38, wherein said process co mprises: 
forming said first buffe r layer as spaced crystals. 
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